children, especially those with growth hormone (GH) deficiency (1) . Most of the information available on skeletal growth has been attained by measuring the bone mineral density (BMD) of the appendicular skeleton by single photon absorptiometry (SPA) or, in recent years, by measuring the axial BMD by dual X-ray absorptiometry (DXA). It has been shown that the acquisition of bone mineral is gradual in early childhood (2) (3) (4) (5) (6) , accelerates during puberty (7) (8) (9) (10) (11) (12) (13) and is related to auxological variables (8) . However, little is known about the relationship between BMD and insulin-like growth factor I (IGF-I). Insulin-like growth factor I, a GHdependent peptide believed to mediate many of the biological actions of GH, including growth (14, 15) , is used as a biochemical variable for the evaluation of normal growth and growth disorders (16) (17) (18) . (19) (20) (21) , making it an ideal method with which to study healthy children.
Materials and methods

Subject selection
We studied 121 healthy children and adolescents (52 girls and 69 boys) aged 3-18 years (Table 1) (Fig. 2) .
There was a significant correlation between serum IGF-I levels and both lumbar and radial BMD (r = 0.55 and 0.45, respectively; < 0.001). Figures 3 and 4 show the linear correlation in boys and girls. Partial correlation between IGF-I and BMD, with age held constant, was significant for lumbar and radial BMD in girls, whereas in boys it was only significant for lumbar BMD (Table 2) .
There was a significant correlation between serum IGF-I levels and age, weight, height, body surface and bone age (Table 3) . After 3 . Linear regression between bone mineral density (BMD) and serum IGF-I concentrations in 69 boys aged 3-18 years (see Table 2 for simple and partial correlation coefficients). Table 2 for simple and partial correlation coefficients). levels to predict BMD did not reach significance in any of the equations performed.
Serum calcium, phosphate and total protein levels were normal in all children.
Discussion
Our results on lumbar BMD in healthy children, as measured by DXA, confirm previous reports that show a steady increase in lumbar BMD with age and a steeper increase during puberty (8) (9) (10) (11) (12) (13) . Our finding of a greater lumbar BMD in girls than in boys between the ages of 12 and 13 years, probably due to the earlier onset of puberty in girls, also agrees with previous reports (8, 9) . The age-related changes in serum IGF-I con¬ centration, shown in Fig. 1 , are in line with the findings of Merimee et al. (27) . These authors reported that in both males and females serum IGF-I levels (27) showed that between 10 (28) . Growth hormone, acting through IGF-I, increases renal calcitriol hydroxylase activity, calcitrol formation and phosphorus résorption and enhances bone mineral deposition (29) (30) (31) . However, we found that serum IGF-I and BMD did not always increase in parallel. Serum IGF-I concentrations decrease after the pubertal peak, as reported previously (27, 32, 33) , whereas a substantial increase in BMD occurs after menarche (9) and the attainment of peak bone mass occurs years after puberty has finished. During puberty, androgens and estrogens increase dramatically and both of these gonadal hormones, acting through osteoblast recep¬ tors, increase bone mineralization (34, 35) . Johansen et al. (36) found that in normal males, the pubertal increase in serum testosterone occurs later than the increase in IGF-I and that testosterone levels are low at the time of the peak in serum IGF-I concentration. Sex hormone levels, unlike IGF-I, remain high after puberty, which may account for the attainment of peak bone mass years after puberty has finished. In agreement with this, Dhuper et al. (37) reported that in females ages 13-20 years, BMD correlated with an "estrogen score" (age of menarche, regularity of menses, Tanner breast stage and estradiol levels).
In the study presented here, the increase in BMD with the advancement of pubertal stage was less marked for the radius than for the lumbar spine. This is in agreement with the fact that turnover of bone mass is about eightfold more rapid in trabecular bone and changes in bone synthesis are more marked and noted earlier in trabecular than in compact bone (38 
